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Abstract
ïhe Gram-positive eubacterium Bacil lus subtil is is capable of secreting large
amounts of proteins into its growth medium. As at least some heterologous proteins
are efficiently secreted by B. subti l is, this bacterium is a potentially useful cell
factory for the production of valuable proteins, such as enzymes or
b iopharmaceut ica ls .  In  th is  context ,  i t  is  important  to  employ heal thy cel ls  that
secrete large amounts of  h igh qual i ty  prote ins.  When the cel l  is  s ick,  i ts  energy is
pr imar i ly  spent  for  i ts  surv iva l  and the prote in product ion wi l l  suf fer .  I f  the qual i ty  of
the secreted protein is not optimal, the secreted protein may, f irstly, not be active
and,  thus,  useless for  many appl icat ions.  Secondly,  mal fo lded prote ins are readi ly
degraded, which result in reduced yields of these proteins.
Certain situations, l ike the overexpression of specific proteins, heat stress or
mutat ions in  par t icu lar  molecules p lay ing a ro le in  secret ion,  induce a st ress
situation infhe Bacil lus cell. This so-called secretion stress provokes a response that
is controlled by the CssR-CssS two-component system (Figure). This system consists
of two proteins. The first one, CssS, is probably located in the membrane and senses
stress stimuli at the membrane cell-wall interface. When stress stimuli have been
sensed, CssS activates the second protein CssR through phosphorylation. The CssR
protein is a cytoplasmic response regulator. The active phosphorylated CssR induces
the transcription of at least four genes: htrA, htrB and the cssR-cssS operon, The
htrA and htrB genes encode HtrA-like chaperone proteases (chapters 2,3 and 4).
Additionally, some folding catalysts, such as PrsA or BdbC, can limit secretion
stress in the cell, under specific conditions. The presence of PrsA helps to diminish
secretion stress caused by the high-level production of the o-amylase AmyQ from
Bacil lus amyloliquefaciens (chapter 2). The presence of the thiol-disulphide
oxidoreductase BdbC contributes to the restriction of secretion stress induced by the
overexpression of the alkaline phosphatase PhoA from Escherichia coli. The BdbC
protein probably catalyses the formation of disulphide bonds essential for the
act iv i ty  and the stabi l i ty  of  PhoA (chapter  5) .
The extracellular proteomes of 8. subti l is in the presence or in the absence of
secretion stress conditions show only two significant differences. These concern the
levels of the HtrA and the YqxI proteins. The level of YqxI f luctuates proportionally
with the HtrA amounts. The transcriptional level of htrA corresponds to the HtrA
protein level. Nevertheless, the levels of YqxI in the medium are not determined at
the level of transcription of the yqxl gene but at the level of the extracellular HtrA
protein, independently of its protease activity. This suggests that HtrA acts, directly
or indirectly, on YqxI abundance, possibly through a chaperone-llke activity (chapter
6 ) .
Finally, the CssRS regulon has connections with another two-component
system, the DegS-DegU pathway, which has been shown to be involved in several
processes, such as the production of extracellular proteases, competence
development, secretion, sporulation and motil i ty. The DegSU system acts directly on
yqxl transcription and Índirectly on the transcription of htrA (chapter 7).
Schematic representation of secretion stress in B. subtilis. Proteins are secreted into the medium (here
v/a the Sec pathway). The PrsA protein assists in the folding of the AmyQ protein, whereas the BdbC
protein induces the formation of disulphide bonds in PhoA. Heat stress and overexpression of certain
proteins stimulate the membrane sensor of the CssRS two-component system. Active CssS
phosphorylates the CssR response regulator that, subsequently, induces the transcription of the hfrÁ and
htrB, genes and the cssRs operon. The DegSU two-component system acts on htrA and yqxl
transcription. Phosphorylated DegU appears to activate yqxl transcription, while it indirectly represses
/,trÁ transcription. Finally, in the medlum, HtrA is needed to enable the appearance of YqxL Full arrows
indicate direct effects. Dotted arrows indicate indirect efFects. Full and dotted arrows indicate direct or
indirect effects (not demonstrated).
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